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ABSTRACT
Rehabilitation following Anterior Cruciate Ligament (ACL) reconstruction
has become an area of controversy in recent years. Most clinicians have used
the traditional rehabilitation protocols which correlate mobility, weightbearing,
and strength training with the bio-mechanical and surgical constraints of graft
fixation and healing. However, a trend towards the use of accelerated protocols
is more evident today. The accelerated approach stresses activity and .
weightbearing in the early periods of the rehabilitation process following the
reconstructive surgery. The proponents of the accelerated protocol believe that
earlier activity will enhance the healing of the graft without causing an increase
in knee instability.
The purpose of this independent study is to review the literature
regarding the traditional and accelerated rehabilitation approaches for ACL
reconstruction in an effort to explain and compare the two, and identify
advantages and disadvantages of each approach. In addition, this review
investigates: the minimum healing requirements which should be met before
initiating rehabilitation activity, what surgical considerations are important, and if
there is a preferred method of strength training following ACL reconstruction.

vii

The conclusion of this review supports the accelerated approach to
rehabilitation as the best choice for patients following ACL reconstruction. This
information hopefully can be of aid for physical therapists in establishing
treatment programs for these patients.

viii

INTRODUCTION
The knee is one of the most commonly injured joints in the body.1 The
anterior cruciate ligament (ACL), which is the key ligament to controlling static
and dynamic stability in the knee, is the most frequently injured ligament in the
knee. 2 Therefore, many reconstruction procedures are used to replace the
injured ACL intra-articularly.3-9 The most common of the surgical procedures
used today is the bone-patellar tendon-bone autograft. This procedure utilizes
the patellar tendon to replace the Anterior Cruciate Ligament. 4,10,11,12 The goals
of the reconstructive procedure are to prevent symptomatic instability, restore
normal knee kinetics, and to prevent premature, degenerative disease of the
knee joint. s The anatomy of the knee, ACL, and the graft used to replace the
ACL are important factors in determining if a reconstruction procedure will be
successful. In addition, there are several surgical factors that influence the
rehabilitation of the patient including graft selection, graft placement and
fixation, and arthroscopic vs. arthrotomy surgical procedures. Once the surgery
has been performed, healing becomes a major factor in the process of
rehabilitation.
Recently, rehabilitation of the patient following ACL reconstruction has
become a very controversial topic. 13 ,14 Generally, there are two theories on how
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the rehabilitation should take place. The first is the "traditional" approach,
which incorporates healing and gradual progression to activity following
reconstruction. The second is the accelerated approach, which stresses
weightbearing and activity in early periods of the recovery, and a quicker return
to normal activity than the traditional approach. The purpose of this review is to
explain and compare the two different approaches to ACL rehabilitation and to
identify several advantages and disadvantages of each concept. In addition,
this review will investigate the minimum healing requirements which should be
met before initiating rehabilitation activity, what surgical considerations are
important to the rehabilitation, and if there is a preferred method of strength
training following ACL reconstruction.

CHAPTER ONE
A thorough knowledge of the factors of anatomy, surgical procedures
and healing requirements are needed to understand the rehabilitation
process. 12 ,15,16,17,18 It would be extremely difficult to implement a rehabilitation
program for a person with an ACL reconstruction, without this knowledge.
Therefore, this chapter will focus on the anatomy, surgical procedures, and
healing requirements that are involved with the ACL reconstruction.
The knee consists of two separate joints: the tibiofemoral and the
patellofemoral joints. The tibiofemoral joint is a hinge type joint, and is also the
largest joint in the human body.12,17,18,19 This is important because the tibia and
the femur are the two longest bones in the body. The two bones produce an
enormous stress on structures in the joint because of this mechanical
advantage that exists in their long lever arms. The joint's stability and function
comes from an interaction of associated ligaments and muscles within the joint
itself.
Rolling and gliding motions are the normal motions in the knee joint, and
have been documented by many researchers. 9,12,17,19 As the knee is flexed, the
contact point moves posteriorly on the tibia, illustrating the rolling component of
knee motion. However, the contact point on the femur moves a larger distance
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than the contact point on the tibia, illustrating the gliding component of normal
knee motion. The tibiofemoral joint also has a rotational component in its
normal motion. However, this component is quite small and functions to lock
the knee into extension.
The pateliofemoral joint is a modified plane joint which functions to
improve the efficiency of extension, guide the quadriceps tendon, and shield the
cartilage of the femoral condyle. 18,19 The patella improves the efficiency of
extension by producing anterior displacement of the quadriceps tendon
throughout the entire range of motion, thereby lengthening the lever arm of the
quadriceps muscle force. The patella also guides the quadriceps tendon as the
knee is flexed and extended. This is done through mechanical forces that keep
the patella and the quadriceps tendon in line with the trochlear groove. The
patella also serves as a protective barrier for the anterior surface of the femur.
The anatomy of the anterior cruciate ligament is also very important to
the reconstruction and rehabilitation process. The ACL is a complex
ligamentous structure that begins formation early in gestation. 20 It is composed
of multifascicle bands of collagen which interlace with other bands of collagen
to form networks within the ligament. The origin of the ACL comes from the
posteromedial surface of the lateral femoral condyle near the articular surface.
The insertion of the ligament is into the proximal tibia at a fossa located anterior
and medial to the tibial spine. Both the origin and the insertion are between 16
and 24mm. in diameter. The ligament itself courses from the posterolateral
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origin on the femur, through the intercondylar notch, obliquely through the knee
joint to the anteromedial tibia.
Treatment of ACL injuries must not only be concerned with the
re-creation of a functional structure, but also with the re-establishment of the
normal physiology of the tissues involved in the reconstruction. 21 Thus,
knowledge of the intra-articular vascular anatomy within the knee is of
paramount importance. The major blood supply to the anterior and posterior
cruciate ligaments is from the ligamentous branches of the middle genicular
arteries. Arnoczy also stated some of the minor vascularization comes from the
infrapatellar fat pad. All of the vessels supply the ACL through a synovial fold
that envelopes the ligament from its origin to its insertion.
The anterior cruciate ligament has several functions in the structure of
the knee. Like all ligaments, the ACL is responsible for guiding the motion by
constraining the abnormal motion. The primary function of the ACL is the
resistance of anterior translation of the femur on the tibia. 2o ,22,23 However, the
ACL also resists hyperextension of the knee and excessive internal tibial
rotation. The secondary functions of the ACL are to restrain both varus and
valgus forces, and to guide the tibia in the screw-home mechanism. The
screw-home mechanism (which was previously mentioned) is an action of
internal rotation of the tibia in the terminal degrees of extension. This action
allows the knee to be locked into extension.
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The mechanism of injury to the ACL is typically one which includes
changing directions, decelerating, or a combination of both.2o,22 Contact also
plays a role in the injury of the ligament at times, such as a valgus stress. In
this case, there are usually other structures injured within the knee, as well as
the anterior cruciate ligament.
The graft that is most commonly used for the reconstruction procedure is
the bone-patellar tendon-bone (BTB) autograft. 4,9,13,23 In later portions of this
paper, the term graft will refer to the BTB autograft. The graft is generally
taken from the mid-third of the patellar tendon. When the graft is harvested, a
bone plug is taken from the patella and from the tibial sites to enable the graft
to be secured.
The graft is secured within tunnels that are prepared by the surgeon for
anatomical placement of the replacement ACL. These tunnels are drilled in the
tibia and the femur, then the graft is placed through them and secured with
screws or sutures. Noyes has shown that a BTB graft 14 to 15mm. wide is the
strongest donor available with a mean strength 163 to 175% of the normal
ACL. 24 This strength of the BTB graft, as well as the strong immediate fixation
of the bone plug in the bony tunnels, has been largely responsible for its
popularity as an intraarticular ACL replacement during the past decade. 23
The one disadvantage to using the BTB graft is the damage that results
when the graft is harvested.25 ,26 The harvest site is the anatomical location and
surrounding structures that are affected by removal of the graft. This procedure
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has had some negative results, such as patellofemoral dysfunction, patellar
tendon shortening, and rupture of the patellar tendon. 27 ,28,29,3o However, the
BTB procedure is still the most popular procedure being used today,3,5,10,13
The surgical factors involved in reconstruction also have an influence on
the rehabilitation process. Graft selection is one of the main factors affecting
rehabilitation progression. 24 ,26,31 An ideal graft should possess mechanical
properties similar to the ACL, be available for use without compromising the
harvest site, and contain bone at each end to ensure rigid fixation. The type of
graft fixation is another important factor in the surgical procedure. 32 Kurosaka
et al 32 noted that the graft used for reconstruction is more likely to fail at the
fixation point than at the midportion of the graft. The same researchers also
noticed that bone to bone fixation has higher stiffness and tensile strength than
any other type of fixation device, especially when used with an interference
screw.
Surgical and rehabilitation outcomes are affected by graft placement as
wel1. 33 Isometry is a technique of graft placement that permits early passive
motion during rehabilitation. 26 ,34 By definition, an isometrically placed graft will
be located in a similar position as the original ACL, and will maintain constant
length and tension during passive knee motion. 26 If the graft is placed too far
anteriorly, the result will cause tension on the graft in flexion. Conversely, if the
graft is placed to far posteriorly, then there will be excessive tension in
extension. 35
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Recently, surgical procedures have changed for the betterment of the
patient and the rehabilitation process. Arthrotomy is the surgical procedure that
includes a full length skin incision and open reconstruction of the knee.
Arthroscopically assisted reconstruction is the other technique that has
improved the results of rehabilitation. There are advantages to each procedure,
but the advantages of the arthroscopic reconstruction appear to outweigh those
of the arthrotomy. Some of these advantages are: avoidance of large
incisions, lower risk of infection, less pain, enhanced response of quadriceps
postoperatively, and fewer adhesions in the patellofemoral joint. 26 ,36
Predicting the healing rates of the tissues and structures involved in ACL
reconstruction is a difficult task. 22 Experience seems to be the only way to
accurately predict the time it will take for a replacement graft to demonstrate a
secure, and painless union. Factors affecting healing include: the vascularity
of the tissues involved, the remodeling process , and the age of the
patient. s ,9,22,37 Halling et al s state, "the natural history of healing of an ACL graft
is characterized by four distinct stages: 1) a~~~~I.~.~~~rosis,
2) revasc~~l~_~!!()n, 3) cellu.lar p~oliferation, 4) rE3 .modeli~g." However, the
healing process of the graft is not completely understood. 26 During
rehabilitation, the primary goal is to safely promote healing of the graft, while
restoring normal function to the knee and affected limb. s

_-._.

Avascular
--------. ....necrosis
__... is a process of tissue death due to a lack of blood
supply to tissues. 38 This process takes place in the graft initially, following the
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reconstruction procedure. 5,21 Histologic studies have shown that a dramatic
decrease in the cellularity of the graft has occurred as early as 2 days post-op.
Most researchers agree that by the 14th day after surgery, the graft has
become completely avascular. Revascularization is the next stage in the
healing cycle.
When the ACL is injured, there is a risk of a compromised

~scular

supply in the region. 5,21 For this reason, the long-term viability of the
reconstructive technique depends on revascularization. This process, referred
to as "synovialization," begins to take place in the first 4 to 6 weeks following
surgery. When synovialization occurs, the graft is enveloped in a synovial
tissue that appears to originate from the infrapatellar fat pad and the synovum.
Some researchers believe that revascularization of the graft is complete, or
nearly so, by 20 weeks post surgery.5,21 While others have found that
revascularization is complete as early as 8 weeks, and that it is mediated by
the endosteal vessels in the tibial and femoral tunnels. 39 ,40,4 Cellular
proliferation
----_._. in the periphery becomes evident by the 4th to 8th week
post_Op.5,15 This proliferation is a direct result of the revascularization cycle,
and by the 12th week the graft's cells resemble the cells of a normal ACL. The
cellularity of the graft continues to change until week 52, when the histology of
the graft matches that of the original ACL.
Graft remodeling is a process which transforms the tendinous graft into a

--

more ligamentous structure. "Ligamentization" is the term used to describe this
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transformation. 42 This topic has been extensively researched in animal studies,
and has also been confirmed in human biopsies. 1,21,2s,39,43,44,45 During the early
period of ligamentization, collagen fibers become disorganized and fragmented.
With time, the collagen is reorganized, realigned, and hypertrophy of the fiber
structure occurs.s
The strength of the graft has been researched extensively by Noyes and
Clancy.24,41 Noyes found that the BTB graft had a mean strength of 159% of
that of the normal intact ACL, initially. However, the graft lost strength early
after reconstruction, and only slowly regained it. Clancy found, in a study
performed on Rhesus monkeys, that the BTB graft exhibited 53% of the control
graft strength at 3 months, but it had reached 81 % of the control at 9 and 12
months. If this information could be extrapolated to humans, then the graft
compared to a normal ACL would be approximately 33% at 8 weeks, 55% at 6
months, and 90% at 9 months. This is purely speculation though, due to
possible differences between monkeys and humans. Graft strength is important
to the rehabilitation process.
The age of the patient will also affect the healing time and strength of the

-

graft. When a BTB graft is used, the healing time needs to be almost the same
as healing time for fractures. This is due to the fact that during surgery, tunnels
are drilled through the bone and then the bone on the graft is reapproximated in
these tunnels. Apley37 states that union of the bone in the lower extremity
should occur in 8 to 12 weeks. Due to the nature of the injury of the ACL, and
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the reasons for reconstructive surgery, the patient population is young. This
means that union should occur by 8 weeks. Also, the graft is fixed in place with
some kind of fixation device such as an interferential screw, which will allow for
mobility prior to that 8 week time frame.
The factors of anatomy, surgical procedures, and healing that have been
presented in this chapter, were meant to be a review of the structures and
processes involved with ACL reconstruction. They are in no way all inclusive of
the influential factors. It will be helpful for the reader keep these factors in mind
when reading the chapt~rs to come on the traditional and accelerated protocols.
These protocols hinge on the basic factors which were presented in this
chapter.

CHAPTER TWO
The traditional approach to rehabilitation has been used by many
therapists in treating patients following ACL reconstruction. 13 ,16,22.46 This
approach was first described by Paulos et al 46 in 1981. They defined their
program as, "one based on clinical treatment of ACL injuries in concert with
biomechanical principles, soft tissue healing data, and immobility effects ... "
The traditional approach was considered to be the only way rehabilitation
should be performed until the mid 1980s, when other researchers began
experimenting with more accelerated approaches. The term "traditional" is not
considered a way of treating a patient in itself, but it is a term that was given to
that type of treatment by DeCarlo, Shelbourne et al 13 for the purpose of
differentiating between the two approaches. This term will continue to be used
in this paper to describe treatment techniques that were developed by Paulos et
al.

The traditional program was developed because of a lack of knowledge
and consideration of the rehabilitation process in the literature available at that
time. 46 This was a huge step in aiding the surgical and rehabilitation process
for ACL reconstruction because there were no standards for the rehabilitation
process before the traditional program was established. As physicians and
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therapists were continually trying to better patient care, this program became a
~

hallmark toward this goal at that time. The goal of this approach was to allow
the patient to return to normal activity with a completely stable and functional
knee.
In an effort to achieve the goal of rehabilitation, Paulos46 included clinical
experience, and several key elements to the traditional program. The main key
element is a period of immobilization immediately following the reconstructive
procedure. Another of the key elements is the congruency of the healing
parameters with the goals of the rehabilitation program. The third key element
to the traditional program is a focus on hamstring strengthening early in the
rehabilitation.
Immobilization is an important element to the traditional approach. It
was used for the purpose of allowing initial healing to take place, and to control
the forces that were being placed on the graft. 16,46 These concepts, although
especially important in the immobilized phase, are also demonstrated
throughout the entire traditional program.
The promotion of healing is one advantage of immobilization following an
ACL reconstruction. By immobilizing the knee, the suture line and graft
attachment sites are not damaged early in the rehabilitation. 46 Also,
immobilization would allow the remodeling process to occur, without risk of
interruption. Other researchers,1o,11 ,13,16,21 ,47 however, believe that immobilization
has some negative effects that may outweigh these positive ones. As a matter
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of fact, even researchers who previously believed in immobilization have
changed their view in light of the complications that it produces. 46 Negative
effects of immobilization, which have been documented, include: weakening of
the graft and bone attachments, arthrofibrosis, and anterior knee pain. 6 ,1o,13,31,47
Paulos31 and Noyes25 reported that the ligament and bone attachment sites
weaken 40% after eight weeks of immobility, and that before 90% of the
strength can return, the knee must be reconditioned for at least one year.
Arthrofibrosis is defined as joint stiffness that occurs because of scar
formation within the intraarticular space. 47 It is considered to be the most
common complication following surgical intervention. 10 ,25,31,47,48,49 Arthrofibrosis is
also considered to be caused by a lack of movement within the joint following a
surgical procedure.
Anterior knee pain is another complication that has been a problem
following surgery. It is defined as pain that exists because of increased force,
jamming the patella into the femur. 10 ,13 Immobilization has been related to
anterior knee pain because of its effect of limiting periarticular muscle elasticity,
thereby causing excess force on the patella during a quadriceps contraction. 46
Immobilization is a key element of the traditional protocols, yet tied in
with immobilization is the

congruen~y

of healing parameters with the goals of

rehabilitation. Paulos et al 46 mentioned this congruency in the definition of their
program by stating, "... in concert with biomechanical principles, soft tissue
healing data, and immobility effects ... " The authors were attempting to assign
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specific rehabilitation procedures to the patients for the exact stage of the
healing process they were in. This prevented the graft from being injured by
placing too much stress on it too soon in the recovery process.
The third key element to the traditional program is the type of exercise
that was preferred. At the time the traditional approach was developed, many
researchers and clinicians felt that strengthening of the hamstrings was the best
method of controlling anterior tibial translation and decreasing stress on the
graft. 16 .46 They began with isometric exercise for strengthening during early
periods following the reconstructive procedure. These exercises consist of
contraction of the muscle with no movement of the joint.
At a further point in the rehabilitation, clinicians concluded that isotonic
strengthening exercise is the best. 46 Isotonic exercises consist of a contraction
of the muscle and a movement through an arc of motion at the knee joint. The
muscle shortens, and causes the leg to extend. The most advanced
strengthening exercise in the traditional protocols is isokinetic strengthening.
In this type of exercise, the speed of the contraction is kept constant. This
allows the patient to exert maximum force, but the resistance will still only move
at one speed.
There were other researchers who had differing opinions about
strengthening in the traditional programs. 16,22,46 Paulos and Blackburn believed
that patients should exercise the uninvolved extremity in early phases of
rehabilitation to benefit from the cross-over neurological effect. For example,
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when doing vigorous exercise with one side of the body, the nervous system
will send impulses to the other side of the body, thereby increasing the strength
of the other side without having the movement.
Blackburn 22 also recommended co-contraction exercise. This type of
exercise is generally closed-kinetic chain, meaning that both ends of the kinetic
chain are fixed. To fix the tibia and the femur at the same time, it is best to
have the foot planted, such as in leg press exercise and knee bends.
According to Blackburn, these exercises are not performed until at least six
months following surgery.
Montgomery16 and others22 ,46 proposed that exercise should be done
throughout specific limited ranges of motion (ROM). For example, since the
ACL is under the greatest amount of stress in the last 30 degrees of extension,
that portion of the range would be excluded from the strengthening program.
Montgomery also related strengthening to the exact type of muscle fiber being
trained. The two fiber types are slow twitch and fast twitch. The slow twitch
are slower to respond and have higher endurance than the fast twitch fibers.
Ideally, patients should be trained so that all fiber types are working to achieve
the rehabilitation goals.
Now that the traditional program has been defined and key elements
have been examined, the rest of this chapter will present a sample traditional
protocol. This protocol contains timelines which will assist clinicians in
determining exactly when the patient is ready to advance in rehabilitation. This
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sample protocol is a version of this author's own creation, but was influenced
by several protocols in the literature review. 16,22,31,46 The timelines and some
treatment options are listed in Table 2.1.
TABLE 2.1
Time after reconstruction and related treatment options
Time Post-op

0-6 weeks

7-12 weeks

Treatment
- Casted
- NWB
- Isometric exercise with
uninvolved extremity
- Brace 30-60 degrees,
increase progressively
- Toe touch weight bearing
- Hamstring exercises

13-16 weeks

- Crutch Weaning
- PWB
- PREs for hams & quads

17-24 weeks

- FWB
- Unrestricted motion
- PREs, cycling, swimming

25-30 weeks

- Full time prophylactic
bracing
- increase strength training

31-36 weeks

9-12 months

- Isokinetic strengthening
- No running or jumping
- Accelerate activity
- Begin running when 75%
of normal extremity

Immediately following surgery to the 12th week following surgery is the
protective phase of rehabilitation. The extremity is immobilized in a cast at 30
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to 60 degrees of flexion for the first six weeks. Patients are not allowed to bear
weight at all, and are trained on crutches. After the sixth week, the cast is
removed and replaced with a brace with a ROM of 30-60 degrees. Each week,
five degrees of extension and ten degrees of flexion are added to the setting on
the brace for a total ROM 15-90 degrees by the end of 12 weeks. Hamstring
isoto nics for strength and assisted extension for motion are exercises
performed in this time period.
During the 13th through the 24th weeks, the phase is called moderate
protection. Patients are weaned off crutches in the first three weeks of the
phase. Partial weightbearing is allowed, and is progressed 25% of body weight
each week. Progressive resistive exercises for the hamstrings and quadriceps
are begun as well. Patients can also begin light swimming and cycling activities
at this time.
Between the 24th and 36th weeks post-op, patients are in a minimum
protection phase. At this time, patients are carefully progressed in the
exercises they have been completing. However, the patients are not allowed to
run or jump with the reconstructed knee yet. During the final six weeks of this
phase, patients are allowed to begin with isokinetic activity to develop increased
strength and endurance.
The final stage of the protocol is from 9 to 12 months following the
reconstruction. During this phase, all activities are accelerated and intensity is
increased. Patients are also allowed to begin running if they have at least 75%
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of the strength in the reconstructed extremity as in the normal extremity. After
completing a running progression, the patient may be allowed to resume full
activity, gradually.
This protocol was presented as an example to aid in understanding the
traditional approach. The next chapter will examine the accelerated protocols
being used today.

CHAPTER THREE
In recent years, the accelerated approach has become a prominent tool
in rehabilitation following ACL reconstruction. 1o ,13,14,16,5o,51 The accelerated
approach is a method of rehabilitation that emphasizes early motion and
weightbearing, and early progressive strengthening to allow the patient to return
to activities as quickly as possible. Through non-compliant patient obseNation,
it was determined that patients who continually exceeded established
weightbearing limits and gained ROM earlier than advised had stronger, more
functional knees than the compliant patients at the completion of traditional
rehabilitation. Therefore, many researchers have investigated the possibilities
of using the accelerated treatment approach; however, DeCarlo and
Shelbourne 13 and Mangine and Noyes 50 are on the leading edge of research in
this area.
As a part of high quality patient care for which every doctor and therapist
must strive, the need for the accelerated protocols became apparent. Results
following rehabilitation with the traditional protocols were positive, yet there
were still many complications that arose. Some of the complications included:
quadricep atrophy, patellofemoral (anterior) knee pain, failure to regain full
extension, and a slow return to function in the involved Iimb. 52 Patients were in
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rehabilitation for 12 months or more prior to the use of accelerated programs,
and this increased the costs for the patient. The primary goal of the
accelerated approach is the same as the goal of the traditional approach, to
return the patient to normal function. However, the secondary goals are to
reduce rehabilitation time, effort, and costS.9
In an effort to achieve the goals of the accelerated approach,
researchers have agreed on some key elements that must be included in the
rehabilitation. The key elements of the accelerated approach are: early
mobilization, early weightbearing, and closed kinetic-chain
strengthening. 5 ,1o,11,13,14,53,54 These elements are especially important to the
success of the accelerated treatment.
After the operation, mobilization of the involved knee allows the patient
to avoid complications in the rehabilitation process. Arthrofibrosis and anterior
knee pain are common complications which are experienced with this surgical
procedure. 1o ,13 These complications are avoided or eliminated through the use
of a more aggressive treatment techniques which initiate motion immediately
following surgery. Examples of these techniques will be shown in a sample
protocol later in this chapter.
Initiating motion the same day as the reconstructive procedure is the first
of the key elements to the accelerated protocols. By doing this, the knee range
of motion was maintained and improved early in the rehabilitation process.
Shelbourne and Nitz54 commented on the mobilization to full extension being
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crucial to the protocol. The theory behind gaining full extension, as quickly as
possible, came from observations of patients who failed to gain complete
extension. These patients developed problems with arthrofibrosis and anterior
knee pain which were defined in Chapter Two. Many patients with these
problems needed to undergo arthroscopic scar resections or manipulations
under anesthesia to regain ROM. 10 •54
The effects of early mobilization have been documented in studies
involving Continuous Passive Motion (CPM) machines,55 and on subjective 57
and objective 57 patient reports. In a study by Yates et al,55 patients using
passive motion were shown to have decreased swelling, increased flexion, and
required less pain medication than patients who did not receive CPM treatment.
Another study found, in subjective reports, that early mobilization allowed 71 %
of survey responders to return to previous injury activity levels, at earlier time
frames. 56 One other study indicated that patients who returned to cutting
activities early, requiring early mobilization, had no differences between others,
who did not have an early return to activities, in knee joint laxity.57
Early weightbearing to the patients' tolerance is the second of the key
elements of the accelerated protocol. Quadriceps control is one of the
advantages of early weightbearing . Even with a straight leg immobilizer, the
quadriceps are forced to work when the patient steps down on the leg, and this
aids in the development of quadricep strength and control. Another factor of
early weightbearing is the amount of stress that is placed on the reconstruction.
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This stress is thought to have a beneficial effect on the healing and remodeling
of the graft. s
The third and final key element to the accelerated protocol is the use of
closed-chain strengthening exercise. The term "closed-chain" refers to the hip,
knee, and ankle jOints as a kinetic chain that is closed by placing the foot firmly
on a solid surface. This creates a system where movement at one joint
produces movement at all other joints, in the chain, in a predictable manner. S8
For the purpose of comparison, when the foot is free to move without being
planted on a solid surface, it is called open-kinetic-chain exercise. The
difference between open and closed-kinetic-chain exercise exists in the
stabilization of the joint, and a decrease in strain on the ACL with the
closed-chain exercise. The theory that supports this is concerned with a
contraction of the hamstrings and quadriceps at the same time and is called the
co-contraction theory. According to this theory, when the foot is planted, both
muscle groups will work and will prevent the quadriceps from pulling the tibia
anteriorly. By performing this type of exercise, the patient avoids the excess
strain on the graft that accompanies the traditional open-chain
exercises. 10,13,22.54,58,59
Thus far in this chapter we have discussed the definition and history
along with the three key elements of the accelerated approach to rehabilitation.
However, there are other important aspects to the accelerated programs to help
in achieving the goals mentioned earlier in the chapter, such as the time frames
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to begin a specific activity, a pre-operative phase of treatment, and the
functional training that needs to be addressed before a patient is allowed to
return to normal activities.
The time frames that are included in the accelerated protocol are
somewhat misleading in that patients may not progress as quickly as expected,
so they will feel that their rehabilitation is going poorly. For this reason, many
researchers and clinicians have chosen to make their time frames into
phases. 10 ,11 ,52.53 These phases allow the patient to progress through the
treatment, without as much regard for an exact time frame. For example, a
patient must meet the physical criteria of each phase before he/she is allowed
to progress to the next phase, even if it takes two weeks longer than the time
frame expected. There are other researchers who say that rehabilitation must
be tailored to each patient individually.5,1o,13,54 This point will be made clearer, in
examples of phase advancement in the sample protocol at the end of this
chapter.
Accelerated rehabilitation has also typically included a pre-operative
treatment phase. 1o ,13 This topic has been a popular one with most authors of
the literature that was reviewed. The concept of having the patient, who has
sustained an ACL rupture, regaining ROM and strength prior to surgery is
important for the best possible results after surgery. Shelbourne and
Klootwyk's 10 goals for this pre-operative phase are: to have the patient looking
forward to ACL reconstruction, to provide the patient with a full understanding of
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the procedure and rehabilitation, and to achieve an absence of swelling with full
ROM. Once the patient has accomplished these objectives, then surgery is the
next step.
However, there has been some recent research on the time after the
injury that is best for the reconstruction to be performed. G,47 From these
studies, researchers have concluded that the acute stage after the rupture is
not a good time to perform the reconstruction. Evidence suggests that there is
an increased incidence of arthrofibrosis in the patients who had the
reconstruction immediately, and patients who delayed surgery from three to six
weeks or more had significantly less arthrofibrosis. They also found that the
patient who delayed surgery regained strength faster than those acutely
reconstructed. This evidence supports the use of the pre-operative phase in
the same time that the surgeon is waiting for the acuteness of the injury to
pass.
A functional program is always included in accelerated protocols. The
main idea behind this type of training is to make the patients more confident of
the status of their knee, and to progress them to sport specific training. 1o ,11,13,52,54
Functional training includes walking, light running, and agility drills. This training
program is progressive and is governed by the patients' ability for each activity.
Once they are able to master in-line activity, they progress to cross-over and
figure-eight activities. GO These functional programs are a major part of the
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accelerated protocols because they give both patient and therapist assurance
that it is safe for the patient to return to a normal activity.
To aid in understanding accelerated protocols, a description of a sample
protocol will be presented. This sample is formulated from some protocols that
were reviewed in the literature,10,11,13.14,50-54 yet is a unique version of this
author's creation. This sample contains four phases which are designed to be
successfully completed by the patient before progressing to the next phase.
Table 3.1 shows the phases and the criteria for advancement to the next
phase.
Phase one of the protocol is the pre-operative phase. This phase was
mentioned previously in this chapter and will only be mentioned briefly here.
During the time immediately following the ACL rupture, the patient needs to be
educated on the upcoming surgical procedure and rehabilitation to follow. It is
also important to reduce the swelling in the knee before the patient is taken to
surgery. This was demonstrated earlier in the chapter with studies suggesting
acute reconstruction will cause an increased chance of arthrofibrosis. With an
absence of swelling, a complete restoration of ROM would be facilitated, and
this will aid in gaining ROM after the surgery. Once the patient meets these
criteria, it is time for surgery.
Phase two begins in the operating room when the physician insures
proper placement of the graft, by flexing and extending the knee fully. This
phase is called the protective phase because of the pain and swelling, and the
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TABLE 3.1
A sample accelerated rehabilitation protocol.
Phase

Phase I
The pre-op phase

Phase II
The protective phase
(surgery - week 2)

Phase III
The progression phase
(week 3 - week 6)

Phase IV
The functional phase
(week 7 - completion)

Criteria for Advancement
- Full ROM
- No swelling
- Minimum of 3 weeks post
injury
- Patient educated on post-op
rehab process
-

Obtain full extension
Minimize swelling
Allow wound healing
Flexion to 90 degrees
Active quadricep control

- Maintain full extension
- Achieve full flexion
- Progress with minimal
swelling
- Achieve quadricep strength of
70% of normal leg
- Maintain full extension
- Maintain full flexion
- Progress tempered by
swelling
- Completion of functional
program
- Begin sport specific training
- Achieve Quadricep strength of
85% of normal leg

need to protect the graft at this time. During this phase, the patient is expected
to rest most of the time, but some gentle ROM and quadricep activity are also
completed. Gentle exercise is important to allow swelling to decrease, and
healing to take place.
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When the patient is taken back to the hospital room, he/she is placed on
a CPM machine immediately with a 0-45 degree beginning ROM. Ice or cold
packs are kept on the knee for the first two days in the hospital, and when
needed after that. Whenever the patient is not using the CPM, he/she must be
in a straight leg immobilizer to insure the graft is not damaged. Throughout the
first week, the patient is allowed to be up only for meals and bathroom
privileges, and is allowed to bear weight as tolerated with the uS,e of crutches.
Exercises are performed from the evening of surgery throughout the
remainder of the phase, Achieving extension is one of the key components of
this protocol to prevent complications later in rehabilitation. This is done by
having the patients prop their heel on pillows for ten minutes of each hour
during the hospital stay (except when sleeping at night). At the end of this
phase, flexion to 90 degrees is desired, as well as leg control with the
quadriceps. To obtain this, the therapist attempts to confirm that the patient
can lift the operated leg. If so, a good exercise is to sit on the edge of the bed,
to obtain 90 degrees of flexion, and extend the leg to 40 degrees actively.
Some patients may not be able to do this while in the hospital, but they should
be instructed on it for home exercises. These exercises should be done three
times a day.
After two or three days, patients will be able to go home. There they will
continue the same exercises, especially for extension, for the rest of the first
week. At the end of that week, patients return for their first visit to outpatient
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therapy, where instruction should be given on more extension exercises. The
therapist also needs to explain how to maintain minimal swelling and stress the
importance of gaining full extension to the patient.
During the second week the patients are allowed to be up and around
more than the first week, but they must be very careful to ice and elevate the
knee periodically throughout the day. Also, patients need to continue with their
exercises. Being on their feet more will also help with the development of
quadricep control. Once the criteria for advancement have been met (table
3.1), the patients will be allowed to move on to the next phase.
Phase three is called the progression phase. This is because it is the
time when the patients make the biggest steps toward recovery. In this phase,
patients are encouraged to maintain or achieve full ROM, and begin to obtain
normal activities throughout their daily life. This phase usually begins around
the third week post-op, and continues from six weeks up to two months.
Throughout phase three and four it is extremely important to progress
only as far as the exercise is tolerated by the involved extremity. For example,
a patient, who is having no pain and is progressing through the exercise in
phase three, as he is doing this he experiences an increase in swelling. At that
time, it is important to back off on the exercise to eliminate swelling in order to
avoid scar formation later on.
During phase three, patients begin closed-chain strengthening exercises
for the involved extremity. These exercises are done progressively, so initially
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patients can do bilateral knee bends and calf raises, then progress to unilateral
exercise including step ups, and quarter squats. Patients can also begin
working with light weights, first bilaterally then unilaterally. The weights should
all be done in a closed-chain activity, such as leg press, stairmaster, and
bicycling.
ROM is also stressed in phase three. Full extension is critical and has
already been discussed. Flexion can be addressed with the use of wall slides,
heel slides, and active flexion exercises. By the end of phase three, the
patients should have complete flexion to 135 degrees. At the end of the sixth
week post-op, the therapist should perform an isokinetic evaluation at 180 and
240 degrees/sec with a 30 degree extension block to determine the level of
strength in the involved extremity. If the level is 70% of the normal extremity
and full ROM has been achieved, then patients are allowed to progress to
phase four.
Phase four is the final phase of rehabilitation. It is called the functional
phase because patients complete a functional exercise program . Throughout
this phase, progress continues to be tempered by the amount of swelling that is
being experienced. This phase is a stepped-up continuation of the third phase
in all aspects, except that it also includes the functional exercise program.
This functional exercise program, previously mentioned in this chapter,
includes walking, light running, and agility drills. Some of the agility drills are:
lateral shuffles, jumping rope, cariocas, and figure-eights. These drills progress
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from the inline drills to the cutting and crossover drills. For the patients to
progress, they must master the inline drills, which could take two to three
weeks, then they advance to the cutting and crossover drills.
Strengthening is also a big part of the fourth phase. It is continued the
same as before, in a more aggressive manner. Closed-chain activity is the only
way strengthening is performed in the accelerated protocol. At four months
post-op, another isokinetic evaluation should be performed, and if patients'
involved extremity is 85% as strong as the normal extremity, they are allowed
to cautiously return to previous activity levels.
This example protocol has been provided to give the reader an idea of
the time frames and techniques used to achieve the goals of the accelerated
protocols. The next chapter will compare the accelerated and traditional
protocols and identify advantages and disadvantages of each .

CHAPTER FOUR
The traditional and accelerated rehabilitation approaches share a
common goal in returning patients to pre-injury status. However, the
approaches have differences in how they attempt to complete these goals.
This chapter will compare the two approaches by examining differences and
evaluating the effectiveness of the key elements from each protocol. The
comparison of the key elements will also attempt to point out some advantages
or disadvantages of the protocols.
One very important difference between the approaches is the traditional
protocols use the immobilization theory and the accelerated approach uses the
mobilization theory. The main advantage of immobilization is it allows for graft
healing without a risk of compromising the integrity of the graft. 46 However,
there are several disadvantages to immobilization which include arthrofibrosis
and anterior knee pain. 1o ,11,13,28 These conditions have been discussed in detail
in previous chapters.
Early mobilization, on the other hand, has been proven effective in
allowing a quicker and more complete return of full ROM, with the use of less
pain medication. 5,13,44,55,57 It is also important to note that, in retrospective
studies conducted by Shelbourne 10 and DeCarlo,13 there were no signs of early
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mobilization causing excessive stress on the graft. In other words, there was
no evidence of increased laxity after being subjected to early mobilization
following ACL reconstruction.
Although it is difficult to prove scientifically, many researchers have
speculated that stress and strain produced on the graft, by early mobilization,
lead to a more organized alignment of collagen fibers, resulting in increased
graft strength. 15 ,22.42,44 This theory is included with the theory of
"Iigamentization" that was mentioned previously. Another theory that must be
considered is Wolff's Law, which states that healing structures in the body will
respond to the amount of stress that is placed on them .12 ,23 For example, when
the early mobilization stresses the graft, it will hypertrophy and align fibers in an
effort to be able to accept the stress.
Another difference between the two approaches exists where the
traditional approach forms a congruency of exercise and weightbearing with the
healing parameters, and the accelerated approach allows for early
weightbearing and exercise . The advantage of the traditional theory of
congruency is that the patient has less risk of injuring the graft during exercise
because of the cautious approach to rehabilitation . The disadvantages are that
patients are held back from obtaining full ROM and they may be delayed too
long in return of strength and the return to normal activities.
The accelerated theory of initiating early weightbearing and exercise
came from noncompliant patient observations , and the realization that those
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patients were doing better than the patients compliant with the traditional
protocols. 10 .13 The advantages of early weightbearing and exercise are quite
numerous. The patient can be more independent early in rehabilitation and can
develop a quicker return to normal as a result of these procedures. The
disadvantage is the possibility of injuring the graft. However, this injury has not
been problematic to the accelerated protocols, and retrospective studies have
supported the theory that progressing patients quicker is not detrimental and is,
in fact, influential in a positive patient outcome.10.13.54
The final comparison from the key elements of the two approaches exists
in the differences between strengthening theories. The traditional approach
uses strengthening of the hamstring muscles to reduce strain on the graft in the
initial phases of the rehabilitation, where the accelerated protocols prefer to use
closed-chain strengthening techniques to reduce strain on the graft. Both
theories have the same advantage of reducing strain on the graft, but the
accelerated closed-chain strengthening also has the advantage of increasing
strength in the quadriceps, as well as the hamstrings. Another advantage to
closed-chain strengthening is the exercise is more functional and, therefore,
more effective for the patients' needs once rehabilitation is complete.5.58.59 As
this comparison has shown, the two approaches have distinctly different
methods of achieving the same goal of returning the patient to normal activities.
It appears from the review of literature and the comparison of these approaches
that both work to achieve their common goal; however, it is the choice of the
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patient, physician, and therapist to decide which method or a combination of
both methods will be effective.

CONCLUSION
The traditional and accelerated approaches to rehabilitation following ACL
reconstruction are the two main theories of rehabilitation. These theories have
been examined in depth by this investigator and it has been concluded that
accelerated rehabilitation is the most appropriate form of rehabilitation for ACL
reconstruction patients. The support for this conclusion is evidenced throughout
this paper, especially by reviewing the advantages and disadvantages that were
discussed in Chapter Four. 5 ,9,10,13,50 Other support can be found by examining
outcomes with time frames, and observing that patients using the accelerated
protocols had better strength, stability, and function , and achieved it in far less
time than patients participating in traditional protocols. 13 ,46
This conclusion, however, is not meant to detract from the importance of
the traditional protocols. They were the first rehabilitation technique that was
used for the ACL reconstruction patients, and from their original ideals, the
accelerated protocols were developed. Without the initial theory and practice
that the traditional protocols provided, rehabilitation would not be as far
advanced as it is today.
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